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As part of an institutional focus on STEM student success, a 
group of STEM faculty participated in a year-long faculty learn-
ing community (FLC) to explore and adopt research-based best 
practice in their teaching. The authors assessed the effectiveness 
of the FLC in influencing faculty perceptions about teaching and 
increasing their use of best teaching practices. Their research 
design used pre- and post-analysis of participants’ teaching logs, 
classroom observations, and a survey instrument that probed 
attitudes toward teaching and learning. Data analysis shows 
that the sustained support provided by the FLC increased faculty 
knowledge of best teaching practices and catalyzed faculty to try 
new pedagogical and assessment approaches. However, over the 
year of the FLC experience, only small shifts were observed in 
faculty perceptions and practice, as measured by a survey and 
a descriptive observation protocol, respectively. Results suggest 
the experience primarily supported modest faculty exploration 
of new strategies.
Introduction
There is a fundamental and problematic paradox in higher education: 
University faculty members generally are more effective when they engage 
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in high quality, best practices teaching, yet many have never formally 
studied how people learn or been supported in their efforts to adopt 
highly effective pedagogy (Centra, 1976; Flick, Sadri, Morrell, Wainwright, 
& Schepige, 2009; Momsen, Long, Wyse, & Ebert-May, 2010). Outside of 
education and some related social science domains, university faculty 
members typically do not study teaching and learning as part of their 
preparation or ongoing professional activities (Sunal et al., 2001). The 
primary focus and preparation of most university faculty is on domain-
specific research, publishing, and grant writing, activities that rarely 
include explicit and structured reflection on teaching and learning (Fox, 
1992; Henderson & Dancy, 2007). As a result, many university faculty 
members adopt teaching practices similar to those that they experienced 
as students. 
Teaching practices among faculty members from science, technology, 
engineering, and mathematics (STEM) disciplines is of particular impor-
tance due to growth in STEM careers (Carnevale, Smith, & Melton, 2011). 
The demand for a STEM-prepared workforce places a burden on STEM 
faculty effectively to teach and prepare a growing diversity of students. 
This is most effectively accomplished with a deep knowledge of best in-
structional practices and an understanding of how people learn (National 
Research Council, 1999a).
Traditionally, STEM faculty members have relied on the use of didactic 
instruction, a lecture-and-listen approach to teaching and learning, as 
their primary pedagogical method (Lindblom-Ylanne, Trigwell, Nevgi, 
& Ashwin, 2006; Lueddeke, 2003). While it is not uncommon for STEM 
faculty members to be dissatisfied with the level of learning that their 
students achieve in lecture-based courses (Handelsman et al., 2004), many 
faculty remain unaware or choose to ignore the wealth of research-based 
best practices that have been proven to promote deep learning in STEM 
disciplines (Fairweather, 2008; Froyd, 2008; Handelsman et al., 2004). 
Still others accept the value of student-centered pedagogies and report 
implementing them, but direct observation suggests that a gap exists be-
tween faculty perceptions and the extent of their actual implementation 
of these strategies (Ebert-May et al., 2011) or that they abandon them after 
a limited implementation. The challenges associated with shifting STEM 
faculty practice toward more student-centered pedagogies motivated us 
to study the influence of a year-long faculty learning community (FLC) 
professional development program on the participating STEM faculty.
The STEM FLC we studied was focused broadly around the theme of 
“student success in STEM,” in contrast to previously described STEM 
FLCs  that were more specifically focused on adoption of new pedagogy, 
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such as active learning (for example, see Smith, 2009). The FLC we studied 
did not have a predetermined “curriculum.” Rather, individual teaching 
projects, topics, and issues discussed in the FLC were determined by the 
faculty participants, and the participants took an active and dynamic 
role in co-leading the group, as suggested by Cox (2003). Because of the 
breadth of issues and ideas explored within the FLC, we gathered a range 
of data to expose potential changes in our participants’ perceptions about 
teaching, classroom practice, and reflection on their practice. Our study is 
also comprehensive in that we took measurements at both the beginning 
and end of the year in order to better understand the impact of the FLC 
on the participants.
Before delving into the research project and findings, we lay the 
groundwork for our study by reviewing the relevant literature in faculty 
professional development and teaching and learning in STEM. We then 
present our methods and study results, followed by a discussion of our 
findings and the implications for STEM faculty professional develop-
ment. We close with the potential limitations of the study and concluding 
remarks that frame the study in the broader realm of STEM faculty pro-
fessional development.
Review of Literature
Learning and Teaching in STEM
Students frequently enter STEM degree programs needing to acquire, 
conceptualize, and connect vast amounts of foundational knowledge 
(Momsen et al., 2010). In response, STEM faculty members perceive their 
job to be filling up students with fundamental knowledge, which goal 
remains a primary influence for the structure and curriculum of lower-
division undergraduate STEM courses (Ebert-May et al., 2011; Sunal et 
al., 2001). Unfortunately, if students are not provided with opportunities 
to place their knowledge in context, conceptualize concepts, apply their 
knowledge creatively, and build a sense of connection and sense of be-
longing in their chosen STEM field, they are less likely to be academically 
successful and more likely to leave STEM fields (Froyd, 2008; Marra et al., 
2012; Momsen et al., 2010; National Research Council, 1999b; Seymour 
& Hewitt, 1997). 
STEM faculty awareness of the most effective ways to engage students 
in learning foundational concepts is constrained. Most faculty members 
find it acceptable to perpetuate an approach that they navigated success-
fully even if it does not maximize learning (Ebert-May et al., 2011; Sunal 
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et al., 2001). The use of pedagogical practices that are misaligned with 
how people most learn effectively can prevent faculty from appropriately 
scaffolding learning experiences to promote the acquisition, application, 
and transfer of knowledge (Detterman & Sternberg, 1996). For example, 
a lack of understanding of the wide variety of misconceptions and alter-
native conceptions that students bring to STEM courses (Driver, Squires, 
Rushworth, & Wood-Robinson, 1994; Duit, 2007) limits the ability of fac-
ulty to craft instruction to support student conceptual change (Sinatra & 
Pintrich, 2003). Addressing these problems is critical to student success, 
because in order to be successful as a STEM major, students must build 
on a deep understanding of STEM course content. Faculty awareness of 
the justification and implementation of the best practices associated with 
successfully engaging STEM students in learning were major themes of 
the FLC we studied.
Faculty Change
A number of extrinsic and intrinsic variables may lead faculty to 
consider changing their instructional practice (Bouwma-Gearhart, 2011; 
DeHaan, 2005; Ebert-May et al., 2011; Henderson, Beach, & Finkelstein, 
2011). Extrinsic pressures from peers, from students, or from administra-
tion may prompt faculty members to seek and use new approaches in 
teaching. Changes in instructional practice may also be initiated by in-
trinsic factors, as individuals become more dissatisfied with their current 
practice or more aware of alternative pedagogical strategies. Research 
on faculty change has revealed several barriers that may impede faculty 
adoption and internalization of new instructional practices (Henderson 
et al., 2011; Sunal et al., 2001). These barriers include the expectation of 
productivity in domain specific research and scholarship, time constraints, 
and limited access to meaningful and appropriate pedagogical profes-
sional development. 
Even though calls for systematic change in STEM faculty teaching may 
increase instructors’ awareness and interest in changing their practice 
(Handelsman et al., 2004; National Research Council, 1999b), the actual 
process of change is most likely to be determined at the individual level 
(Bouwma-Gearhart, 2011; Henderson, Dancy, & Niewiadomska-Bugaj, 
2012; Walker, Cotner, Baepler, & Decker, 2008). Polich (2008) reports that 
faculty are more likely to make changes when new pedagogies are con-
sistent with an individual’s beliefs about learning and teaching. Certain 
structures and support may be necessary for STEM faculty to develop a ba-
sis for reflective analysis of their teaching that leads to changed pedagogy 
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(Henderson et al., 2012; Raubenheimer, 2004). For example, collaboration 
with other STEM faculty members and educational specialists may play 
an important role in promoting STEM faculty to consider new pedagogi-
cal approaches (Harwood, 2004). Further, Henderson et al. (2012) indicate 
that some faculty-related variables (for instance, engagement in reading 
teaching-related journals, attending workshops on teaching, satisfaction 
with meeting instructional goals) are potential indicators of adopting and 
retaining change in teaching practice. Regardless, Goldston and colleagues 
(2004) report that changing teaching practice is a complex process, and the 
recent review of faculty change by Henderson et al. (2011) demonstrates 
that our understanding of how best to support faculty change is far from 
complete.
Faculty change has been described as occurring in stages (Paulsen & 
Feldman, 1995). For example, in order to make sustained changes, faculty 
members first must go through a period of “unfreezing,” during which 
they are challenged (or challenge themselves) to consider making changes 
to their teaching. “Unfreezing” is followed by a “cognitive restructuring” 
phase, during which faculty acquire and experiment with new ways of 
thinking and behaving with respect to their teaching. Finally, “refreezing” 
is the stage during which new beliefs and behaviors are solidified and 
sustained for the long run. These are similar to stages described for career 
changes: exploration, trial, establishment, and mastery (Hall & Chandler, 
2007). In these models, there is a period of exploration before new be-
haviors and identities are adopted. However, there is no guarantee that 
exploration will lead to the sustained adoption of the new identities, per-
spectives, or practices. Because of the relative stability of faculty teaching 
practices (Russell & Martin, 2007) and the need for change (Handelsman 
et al., 2004), there is justification for ongoing experimentation with and 
research on STEM faculty professional development that is designed to 
enhance the quality of teaching practices.
Faculty Professional Development and Faculty Learning Communities
Most STEM faculty members engage in professional development that 
is associated with their area of research expertise. Expectations that STEM 
faculty will seek out professional development associated with teaching 
and learning are not widespread in higher education. That said, there is 
increasing awareness and support for engaging STEM faculty in profes-
sional development related to teaching and learning (Sunal, Wright, & 
Day, 2004), as their effectiveness is critical to resolving some of the STEM 
pipeline issues (Carnevale et al., 2011).
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The teaching and learning professional development for univer-
sity faculty members may be structured to address gaps in pedagogical 
knowledge, enhance understanding of how to align teaching with how 
people learn, or shift perspectives and practices to be more effective and 
satisfying (Caffarella & Zin, 1999). The most common form of professional 
development offerings for faculty are relatively brief workshops or semi-
nars offered through university centers for teaching and learning or at 
professional organization conferences (Caffarella & Zin, 1999). Although 
these one-time offerings may increase some basic knowledge of teach-
ing and learning, they are not likely to result in dramatic and sustained 
shifts in perceptions and practices of teaching (Connolly & Millar, 2006; 
Henderson et al., 2011).
Faculty learning communities (FLCs) have emerged to address the need 
for faculty development opportunities to achieve significant and sustained 
shifts in teaching perceptions and practice. An FLC, as defined by Cox and 
colleagues (2001, 2004), is a group of 8-12 faculty who engage in a year-long 
facilitated program designed to enhance teaching and learning. Research 
based on self-reports (Beach & Cox, 2009) and case studies (Dees et al., 
2009) suggests that faculty participation in FLCs increases interest in the 
teaching process, enhances understanding and influence of the scholarship 
of teaching and learning, and increases reflective practice. Faculty also 
report implementing specific teaching and learning approaches as a result 
of their FLC participation, and they say these efforts lead to increases in 
student learning.
The recent focus on the professional development needs of STEM fac-
ulty has led to the formation of FLCs composed of faculty members from a 
single STEM discipline (Sirum, Madigan, & Klionsky, 2009) or across STEM 
disciplines (O’Meara, 2005, 2007). STEM FLCs described in the literature 
generally have focused on the adoption of a specific practice or strategy, 
such as active learning, with a planned curriculum coordinated and led 
by a facilitator. Research indicates that participants tend to join STEM 
FLCs with some interest in teaching innovation and, in some cases, are al-
ready implementing or experimenting with different teaching techniques. 
Regardless, evidence suggests that faculty participation in STEM FLCs 
supports their implementation of new teaching strategies and engage-
ment in critical reflection (O’Meara, 2005, 2007; Sirum & Madigan, 2010; 
Smith et al., 2008). In addition, some of the STEM FLCs described in the 
literature involved faculty for more than a year, indicating that long-term 
engagement may be important for fostering change (Smith et al., 2008; 
Sirum & Madigan, 2010). Consistent with Henderson et al. (2011), these 
reports suggest STEM faculty members are mostly likely to undergo sig-
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nificant and sustained shifts in their perceptions and practices of teaching 
when they engage in long-term professional development emphasizing 
the promotion of pedagogical reflection, understanding of learning, and 
exploration of instructional practice.
Methods
Our research was motivated by the desire to study how participation 
in a year-long STEM FLC influenced the knowledge and perceptions of 
learning for the STEM faculty participants. We sought to expose evidence 
of how the participating faculty internalized and utilized best instructional 
practices. Guiding our investigation were the following questions:
1. How did the participants’ perceptions about teaching 
and their practice change over the course of the FLC?
2. Did the participants’ instructional practices change over 
the course of the FLC?
We anticipated that involvement in the FLC would shift members’ 
perceptions of teaching and learning toward becoming more student-cen-
tered, accompanied by an increase their understanding of active-learning 
pedagogies. The shift would manifest itself in notable changes in peda-
gogical practice, reflecting a greater level of student involvement and 
increased engagement in higher-order thinking and problem solving.
Participants
The focus of our study was a cohort of eight STEM faculty members 
selected from a pool of applicants to be part of an FLC focused on en-
hancing student success in STEM learning. One of the faculty members 
dropped out of the group after one semester due to workload constraints. 
The remaining seven participants (three females and four males) had 
appointments in chemistry, physics, mathematics, materials science, and 
mechanical engineering. They had either tenure-track or full-time lecturer 
appointments. They had held faculty positions in higher education for 
0 to 13 years. 
Structure of the Faculty Learning Community
The FLC held a two-day retreat in August before the fall semester 
commenced and then met every other week for the duration of fall and 
spring semester. Although there was a facilitator for the group, it was 
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expected that responsibility for leading meetings would rotate among 
the participants. The focus for the meetings, chosen by the participants, 
was on specific topics relevant to STEM teaching and learning. Examples 
of topics explored include best-practice pedagogies, frameworks for stu-
dent development, strategies for assessment, misconceptions in STEM, 
institutional student success data, and how STEM disciplines frame the 
context for teaching and learning. Each 1-hour-and-45-minute meeting 
used discussion, presentation, reflection, sharing, and readings to engage 
in deep exploration of the various STEM teaching and learning topics. 
Each participant completed a modest individual teaching project focused 
on student learning in his or her course. The FLC would be classified 
as “emergent” (Henderson et al., 2011), meaning that the desired final 
state was to be determined by faculty participants as part of the change 
process. Likewise, its focus was on developing reflective teachers, sup-
porting the notion that faculty development places faculty in a “strong 
position to choose appropriately” if their reflective practice is supported 
(Henderson et al., 2011).
Instruments and Protocols
Survey of Teaching and Learning Perceptions and Practices
We adapted and adopted elements from extant instruments (Brawner, 
Felder, Allen, & Brent, 2001; Keeton, 2004) to develop an assessment of 
teaching practices and perceptions of teaching and learning. Our instru-
ment consisted of 21 items and included statements to which participants 
were asked to respond on a 5-point Likert scale, with 1 representing 
strongly disagree and 5 strongly agree. Five items (1-3, 15, and 21) probed 
attitudes or ideas about teaching, such as, “I am concerned about students’ 
attitudes toward my teaching” and “I feel responsible for helping all the 
students in my course to be successful.” The remaining items generally 
were focused on each respondent’s teaching practice and were phrased 
in such a way that strongly agree suggested the respondent was using best 
practices in his or her teaching. These items included, “I am always trying 
something different in my teaching” and “I work to use teaching practices 
which have been shown to be effective in supporting student learning.” 
Because of the nature of the instrument, which comprised a combination 
of unique, adopted, and adapted items, the validity was assumed, and the 
reliability had yet to be established. Rather than using the data to conduct 
inferential statistics, however, our goal was to report the collected data 
descriptively. Further, our sample size (N = 7) lacked sufficient statistical 
power to make a reliability analysis calculation meaningful.
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Teaching Logs
We used “teaching logs” as a way of capturing an array of participant 
perceptions of teaching and learning. Teaching logs are analogous to 
pedagogical diaries and are an effective means of gathering data charac-
teristic of participants’ reflections on their teaching and students’ learning, 
perceptions of their practice, and general thoughts about pedagogy. Par-
ticipants were provided a four-part prompt for each log entry: (a) learning 
objectives for the week, (b) examples of things that have gone well with 
respect to my teaching and student learning in my course(s), (c) examples 
of things that I would like to change with respect to my teaching and stu-
dent learning in my course(s), and (d) insights I have gained with respect 
to my teaching and student learning in my course(s). Participants were 
requested to write reflections in their logs on a daily basis.
Teaching Observations
To document our participants’ teaching practice, we used the Reform 
Teaching Observation Protocol (RTOP) developed by Piburn and colleagues 
(2000). The RTOP was chosen because its design reflects the theoretical 
framework of inquiry-oriented teaching, and its implementation provides 
for a systematic assessment of learner-centered teaching. The goal of the 
FLC we studied was to support faculty understanding and adoption 
of practices that better support student learning. Thus, the fact that the 
RTOP has been shown to be predictive of student achievement provided 
another reason to use this instrument (Lawson et al., 2002). The RTOP was 
developed and vetted to document teaching practice in four domains: 
class design, class content, communication, and the student-teacher rela-
tionship. The RTOP allowed us systematically to document participants’ 
instructional practices and, specifically, their implementation of reformed 
pedagogical practice (that is, student centered learning). We made minor 
changes to vocabulary in some items to reflect the higher education envi-
ronment. Researchers using the instrument score items such as “Students 
were actively engaged in thought-provoking activities that often involved 
the critical assessment of procedures” on a 5-point scale ranging from 0 
(never occurred) to 4 (very descriptive). The reliability and validity of the 
instrument has been established by the developers (Piburn et al., 2000). 
The items generally describe best practices in teaching. An “ideal” score 
would be a 4 on every item. (A more complete description of the meaning 
of the RTOP score is found in Ebert-May et al., 2011.)
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Data Collection and Analysis Procedures
Survey of Teaching and Learning Perceptions and Practice
We surveyed the FLC participants at the beginning of the academic 
year using a paper version of our perceptions of learning and teaching 
practices survey. We instructed the participants to use a unique code as 
an identifier to maintain anonymity while allowing us to track participa-
tion. We used the same survey to post-assess our participants at the end 
of the academic year. Data are presented from the six participants who 
completed both the pre- and post-survey. 
Teaching Logs
Participants were requested to keep records weekly throughout the 
academic year and were encouraged but not required to use the prompt 
structure. Most participants kept a regular log, though not all made weekly 
entries. Several used an alternative format rather than using the log we 
provided, though they maintained a spirit of reflection about teaching 
and learning. We collected the teaching logs at the end of the academic 
year for analysis. Six participants submitted their logs to be analyzed as 
part of this study. We analyzed these data using a combination of a priori 
and emergent theme coding using a content analysis framework (Miles 
& Huberman, 1984). The a priori codings were extracted from the teach-
ing logs prompts provided to the participants. The emergent codes were 
developed from trends that emerged as we reviewed the teaching logs.
Teaching Observations
We observed and video recorded the faculty members’ teaching once 
in the fall semester, shortly after the FLC commenced, and again near 
the end of the spring semester, at the conclusion of the FLC. We used 
the RTOP systematically to structure the documentation of our observa-
tions. Faculty members were not involved in the collection of the data 
and were not part of the research team, but rather served as participants 
in this research project.
To establish inter-rater reliability, we had an experienced researcher 
work with a novice field researcher, both observing two of the participants 
teach a class session (all were about 1-1.5 hours long), scoring their obser-
vations using the RTOP. Following the observations, we compared RTOP 
scores and discussed differences. We repeated the process by having both 
the experienced and novice field researchers observe and RTOP score the 
teaching of another FLC participant. Again, scores were compared and 
differences discussed. We then conducted a final round of joint-researcher 
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observation and RTOP scoring with yet another participant teaching a 
course session, and compared and discussed differences. After each round 
the differences diminished, and the consistency in RTOP scores increased, 
which, after four rounds of observations, resulted in nearly full agreement 
(more than 90%) in scoring. Once the scoring of the novice researcher and 
expert was consistent, the novice was tasked with the teaching observa-
tions and RTOP scoring for the other participants in the fall semester, and 
for all participants in the spring semester. For participants observed by 
both novice and expert, average scores were used for the pre-observation. 
One of the participants was not observed in the spring. The data presented 
are for the six participants for both fall and spring observations.
Results
Teaching and Learning Perceptions and Practice 
Our first research question asked, “How did the participants’ perceptions 
about teaching and their practice change over the course of the FLC?” To answer 
this question, we descriptively analyzed the participants’ responses to 
our perception of learning and practice of teaching instrument. Figure 1 
shows participants’ pre- and post-FLC average responses to each item. 
The broad contours of responses did not change markedly from pre- to 
post-, suggesting that faculty reports of their perceptions and classroom 
interaction did not change substantially during the year of the FLC. In 
addition, the average on most items are in the agree range, both pre- and 
post-, suggesting that faculty began the year agreeing that they use many 
best practices and, broadly speaking, ended the year in a similar position. 
In order better to understand the nuances of participants’ perceptions, 
we examined their pre-FLC average responses showing the highest level of 
disagreement. Item 15, showing the most disagreement, stated, “It doesn’t 
matter if students like the course as long as they learn the material.” A 
relatively high level of disagreement indicates that as a group the faculty 
began the FLC with the perception that is important for students to like 
a course as well as learn the course content. Our analysis also exposed 
a few other items that were below neutral (in the disagree region) in the 
participants’ pre-FLC responses. These included participants’ perceptions 
about covering material as being the purpose of teaching (item 3), about 
the need to know a lot about a new approach before using it in instruction 
(item 5), and about whether the course and their teaching style appeared 
to be effective for all of their students (item 7). 
On the opposite end of the pre-FLC averages, we found the highest 
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average agreement with the items describing that participants focus 
their teaching on transferring key knowledge to their students (item 17), 
that they take responsibility for student success in the course (item 21), 
and that they adjust a course based on students’ prior learning (item 9). 
This suggests that the participants began the year concerned about their 
students’ success and felt that they had influence over or should take 
responsibility for students learning in their courses.
We continued our analysis by examining shifts in the participants’ post-
FLC responses relative to their pre-FLC responses (see Figure 1). Again, 
because of the small sample size, we conducted this analysis descriptively, 
focusing on items with an average Likert-scale shift of at least 0.5. We noted 
four items with which respondents registered less agreement at the end of 
the year than at the start. Participants were less likely to define teaching 
as transferring key knowledge (item 17) and less likely to indicate they 
were always trying something different in their teaching (item 18). The 
data show a move from a neutral stand to one of disagreement with the 
perception that participants’ teaching is effective for all students (item 7) 
and that their course engages students in the methods of science (item 
19). Four items had average post-FLC responses that shifted upwards 
between fall and spring. Participants indicated greater agreement with 
statements indicating that they were aware of misconceptions that get 
in the way of learning (item 10) and that they encouraged students to 
work collaboratively (item 16). Responses shifted from disagree to mod-
est agreement with the notions that participants preferred to know a lot 
about how a new teaching practice would work before trying it (Item 5) 
and that their students do not have to like a course as long as they learn 
the material (Item 15). Despite this last shift, there was almost no change 
in how concerned participants were with students’ attitudes toward their 
teaching (item 1).
Actual Classroom Practice
Our second research question asked, “Did the participants’ teaching 
practices change over the course of year-long faculty learning community? To 
answer this question, we descriptively examined the pre and post-FLC 
RTOP scores. We also conducted a content analysis of the participants’ 
teaching logs. 
RTOP Scores
The average RTOP domain scores (Piburn et al., 2000) are presented in 
Figure 2. The pre-FLC RTOP average scores are above middle for each of 
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the four subscales (the maximum score was 4), suggesting that the average 
practices for each of the four domains was more likely to be descriptive of 
participants’ teaching than to be never occurring in their teaching. Further, 
the instrument successfully differentiated between those faculty who 
began the year already engaged in the use of a number of best-practice 
pedagogies (for example, active learning) and those whose approach 
would be described as “mostly lecture.” The lowest individual composite 
score (the sum of the four domains; the maximum possible score was 16) 
from the fall observation was a 10.1, while the highest was a 13.7 (data 
not shown). 
Figure 2 
Average RTOP Scores on Each of Four Domains  
Based on Observations for Fall (Early-FLC) and Spring  
(Nearly Post-FLC)	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The average data show small negative shifts from pre- to post-obser-
vation on all four of the subscales, with movement toward the statements 
being less descriptive of participants’ instructional practices. This result 
is based on one individual’s composite score staying the same, and the 
remaining five instructors’ composite scores decreasing. The spring in-
dividual composite scores ranged from 9.3 to 12.3, with nearly all faculty 
remaining in the same ordinal position within the scoring (for example, 
the lowest-scoring faculty member was the same person in the fall and 
spring; the highest-scoring faculty member also was the same person 
in the fall and spring). On the four individual domain scores, only one 
score from one faculty member increased between fall and spring; the 
rest stayed the same or decreased (data not shown). These data suggest 
that participants were observed using fewer best-practice pedagogies at 
the end of the year than at the beginning. 
Teaching Logs
The teaching logs provide additional insight into the participants’ 
practice. Content analysis of the teaching logs (Miles & Huberman, 1984) 
exposed a wide range of instructional concerns, successes, and insights 
into learning and revealed 11 teaching and learning themes (see Table 
1). Although there were varying degrees of alignment between the par-
ticipants’ comments and the themes, they all reflected an important or 
critical aspect of teaching practice or insight into student learning. The 
most frequently identified theme was associated with participants’ reflec-
tion on an aspect of their teaching that they would like to change. The 
other identified themes fell into two broad categories: reflections about 
classroom practice (including strategies that were new to the instructor) 
and reflections based on classroom assessment. Several of the themes are 
explicitly associated with pedagogical approaches that were new to the 
faculty member. For example, nearly all participants reflected positively 
about a new method they had tried yet expressed frustration about the 
difficulty in “coverage” of material due to changes in how they were 
spending class time. The themes associated with classroom assessment 
indicate that faculty members were paying close attention to how their 
explorations of new approaches were working. For example, faculty 
identified that struggling with problems was useful for students’ learning.
Discussion
Our data show that the group of STEM faculty members who were 
recruited and applied to participate in the FLC came with some knowl-
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edge of best-practice teaching, as evidenced by their responses to the fall 
survey. Based on observations of their practice in the fall, the degree to 
which the faculty were implementing these best practices varied, but all 
were using at least some effective strategies for supporting student learn-
ing. The overall tenor of the teaching logs underscored that this group of 
faculty were open to exploration and to reflecting on their practice. 
While the participants communicated generally consistent perceptions 
of teaching and learning and their practice over the year of their partici-
pation in the FLC, as measured by our survey, there were a few notable 
exceptions. Some of the changes are consistent with the FLC’s focus on an 
exploration of the teaching and learning literature. The group read about 
and discussed factors that support and present barriers to learning for 
students as well as about a variety of pedagogical strategies that can be 
used in STEM teaching. Their increased tendency to encourage collab-
orative learning, which was also documented in their teaching logs, and 
their awareness of misconceptions about course content are consistent 
with this interpretation. Their decreased sense that their teaching was 
effective for all students likely reflects an increased knowledge of what is 
required to support student learning. Further, the participants increased 
their knowledge of the range of pedagogical strategies from which instruc-
tors can choose. The increased awareness likely broadened their horizons 
and contributed to an increased desire to know about how an approach 
will work before trying it. The increased awareness also may have led to 
decreases in the participants’ sense that they were consistently “trying 
something different,” and a decreased sense that their approaches were 
genuinely engaging students in the methods of science.
Other changes observed in the survey data suggest subtle shifts in the 
ways faculty perceived the purpose of their teaching. The shift away from 
a definition of teaching as transferring key knowledge to students is con-
sistent with comments in the teaching logs acknowledging that students 
need to struggle with material and construct their own understanding. 
The decreased sense that it doesn’t matter whether students like the course 
as long as they learn the material could be linked to resistance to change 
on the part of the faculty participants, which translates into a dismissal 
of student input. However, because the teaching logs and group discus-
sions did not provide any evidence of resistance to change, we believe 
this result is more likely linked to the FLC’s focus on student learning 
as a measure of successful teaching (as opposed to a focus on student 
satisfaction alone, as evidenced by course evaluations). In fact, another 
survey item showed the faculty remained concerned about student at-
titudes toward their teaching. 
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Because the goal of this FLC was to change faculty members’ teaching 
practice, we had expected that participating members should demonstrate 
a dramatic increase in the use of reformed practices in their teaching. 
However, our direct observations do not indicate that this occurred. In 
fact, if there was any change, the observation data show a small decrease 
in the use of reform practices. A number of possible explanations exist 
for these data. Our second round of observations, in late spring semester, 
may have taken place on days during which the faculty were using more 
traditional pedagogical practices and, therefore, were not representative 
of their experimentation with new approaches. Faculty might have been 
less likely to employ new teaching strategies near the end of a semester 
due to pressure to “cover material” before the semester was done. It is 
also possible that this second observation captured faculty in a state of 
exhaustion, unable to sustain a consistent effort towards changed teach-
ing practice. While the RTOP is clearly capable of differentiating between 
faculty using more and fewer reform-practice pedagogies, the changed 
quantity and quality of pedagogical exploration used by individuals in 
the study may have been too subtle to register with the RTOP protocol. In 
contrast to the RTOP results, the themes identified in the teaching logs very 
clearly reflect an exploration of both new teaching practice, an increased 
degree of reflective practice, and at least an informal focus on assessment 
of the impact of their new approaches. However, the misalignment may 
be reflective of the findings of Ebert-May and colleagues (2011), in which 
there is a disconnect between faculty self-report of reform practice and 
their actual classroom implementation.
Taken together, these results suggest that the experience of the FLC sup-
ported modest shifts in attitudes and practice for the faculty participants. 
While the changes were not large, there is evidence that the engagement 
in discussions and reflections on different aspects of teaching and learning 
effectively altered STEM faculty members’ perceptions of and plans for 
instructional practices. We are encouraged by our findings, but also realize 
that more needs to be done to alter STEM faculty pedagogy. Our results 
are consistent with research that shows initiating change in STEM faculty 
teaching practices requires time, structure, and support (Raubenheimer, 
2004). The data suggest that the STEM FLC may have a priming effect, 
preparing participants for the longer-term process of conceptual change 
and internalization of reformed teaching practices. Most of the faculty 
in our group are likely to fall into the “cognitive restructuring” stage 
of change (Paulsen & Feldman, 1995) or the “trial” stage of exploring a 
new identity as a teacher (Hall & Chandler, 2007). It remains to be seen if 
they continue to work at the implementation of changed practice, mov-
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ing forward in their journey toward mastery teaching. Unfortunately, it 
is likely that without continued support, a portion of them will abandon 
their efforts toward student-centered teaching (Henderson et al., 2012).
It is interesting to consider whether modifications to the FLC could 
increase the pace, magnitude, or sustainability of faculty change. Recent 
recommendations suggest that successful STEM faculty development 
includes both reflective practice, which was the focus of the FLC we 
studied, and direct feedback to instructors about their practice, which 
was informal in this FLC (Henderson et al., 2011). Thus, the addition of 
explicit coaching and feedback is recommended for future FLC partici-
pants and is worth exploring. The engagement in coaching may diminish 
the conditions in which faculty learn about best practices but largely are 
left alone to implement them (Ebert-May et al., 2011).
Because FLC implementation varies with institutional context, it is 
important that there be investigations of multiple contexts to contribute 
effectively to our collective understanding of the influence of faculty de-
velopment programs, particularly for STEM faculty (Kucsera & Svinicki, 
2010). The exploration of a variety of professional development methods 
in different contexts for promoting STEM faculty members’ use of best 
teaching practices is most certainly a fruitful direction for future research.
Limitations
The first limitation of our project was the restricted number of observa-
tions made of the faculty members’ teaching. Two observations of each 
of the faculty members may have been insufficient to capture shifts in 
their teaching practices. Multiple observations each semester may have 
allowed us to capture a broader range of reformed teaching practices. 
Further, the RTOP may not be adequate to capture the changes in practice 
the faculty did make, suggesting additional instruments may be needed 
effectively to capture more early, and presumably subtle, shifts in reform 
teaching practices. 
Another limitation of our study is associated with the nature of self-
report data. As with any self-report research, we cannot determine how 
accurately the participants’ descriptions of their practice reflect their actual 
practice. They may have thought that reformed teaching is a good idea and 
believed they were exploring it, but struggled to implement it effectively, 
using approaches that, upon observation, resembled their traditional 
teaching more than something new. The lack of alignment between per-
ceptions and practice of teaching has been documented (Ebert-May et 
al., 2011; Olafson & Schraw, 2006) and may have occurred in our study. 
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The fact that the faculty were self-selected to participate in this experi-
ence means that the conclusions we might draw from the effectiveness of 
this kind of FLC experience may not be applicable to faculty in general. 
The final limitation is the duration of our study. The FLC may have 
catalyzed the change process of the faculty members, and the evidence of 
their changed practice may come to fruition later, as they continue to reflect 
on their teaching and experiment with new pedagogical approaches. The 
longitudinal study (beyond the one year of this research) of STEM faculty 
pedagogical development following their engagement in FLCs certainly 
merits additional investigation. 
Conclusions
We studied a faculty learning community that was designed to enhance 
the participating STEM faculty members’ pedagogy and knowledge of 
teaching and learning. Although we detected some shifts in their per-
ceptions, and some evidence of change in teaching, these shifts did not 
transfer to short-term substantial changes in practice. While substantial 
change in pedagogy is a long-term process, an FLC can provide needed 
support and can generate a priming effect that ultimately may lead to 
significant and sustained changes in the teaching of participating STEM 
faculty.
Acknowledgments
This article is based upon work supported by the National Science 
Foundation under Grant No. 0856815. Any opinions, findings, and con-
clusions or recommendations expressed are those of the author(s) and 
do not necessarily reflect the views of the National Science Foundation. 
The authors would like to acknowledge David Anderson for helping 
to collect the RTOP data used in this study.
References
Beach, A. L., & Cox, M. D. (2009). The impact of faculty learning communi-
ties on teaching and learning. Learning Communities Journal, 1(1), 7-27.
Bouwma-Gearhart, J. (2012). Research university STEM faculty members’ 
motivation to engage in teaching professional development: Building 
the choir through an appeal to extrinsic motivation and ego. Journal of 
Science Education and Technology, 21(5), 558-570.
Brawner, C. E., Felder, R. M., Allen, R., & Brent, R. (2001). 1999-2000 
Learning Communities Journal118
SUCCEED faculty survey on teaching practice and perceptions of insti-
tutional attitudes toward teaching Retrieved from http://www4.ncsu.
edu/unity/lockers/users/f/felder/public/Papers/99faculty_survey.
pdf
Caffarella, R., & Zinn, L. (1999). Professional development for faculty: 
A conceptual framework of barriers and supports. Innovative Higher 
Education, 23(4), 241-254.
Carnevale, A. P., Smith, N., & Melton, M. (2011). STEM. Georgetown 
University Center on Education and the Workforce Report. Retrieved 
from http://cew.georgetown.edu/STEM/ 
Centra, J. (1976). Faculty development practices in US college and universities. 
Princeton, NJ: Educational Testing Service. Retrieved from http://eric.
ed.gov/PDFS/ED141382.pdf
Connolly, M. R., & Millar, S. B. (2006). Using workshops to improve in-
struction in STEM courses. Metropolitan University, 17, 53-65.
Cox, M. D. (2001). Faculty learning communities: Change agents for 
transforming institutions into learning organizations. To Improve the 
Academy, 19, 69-93. 
Cox, M. D. (2003). Proven faculty development tools that foster the 
scholarship of teaching in faculty learning communities. To Improve 
the Academy, 21, 109-142.
Cox, M. D., & Richlin, L. (Eds.). (2004). Building faculty learning communi-
ties. New Directions for Teaching and Learning, No. 97. San Francisco, 
CA: Jossey-Bass.
Dees, D. M., Zavota, G., Emens, S., Harper, M., Kan, K. H., Niesz, T., Tu, 
T-H., Devine, M. A., & Hovhannisyan, G. (2009). Shifting professional 
identities: Reflections on a faculty learning community experience. 
Learning Communities Journal, 1(2), 49-73.
DeHaan, R. L. (2005). The impending revolution in undergraduate sci-
ence education. Journal of Science Education and Technology, 14, 253–269. 
Detterman, D. K., & Sternberg, R. J. (1996). Transfer on trial: Intelligence, 
cognition and instruction. Norwood, NJ: Ablex.
Driver, R., Squires, A., Rushworth, P., & Wood-Robinson, V. (1994). Mak-
ing sense of secondary science: Research into children’s ideas. London, UK: 
Routledge.
Duit, R. (2007). Bibliography STCSE—Students’ and teachers’ conceptions 
and science education. Retrieved from http://www.ipn.uni-kiel.de/
aktuell/stcse//bibint.html 
Ebert-May, D., Derting, T. L., Hodder, J., Momsen, J. L., Long, T. M., & 
Jardeleza, S. E. (2011). What we say is not what we do: Effective evalu-
ation of faculty professional development programs. BioScience, 61(7), 
550-558.
Journey Toward Mastery Teaching 119
Fairweather, J. (2008, October). Linking evidence and promising practices in 
science, technology, engineering, and mathematics (STEM) undergraduate 
education. Paper presented at the National Research Council’s Workshop 
Evidence on Promising Practices in Undergraduate Science, Technology, 
Engineering, and Mathematics (STEM) Education, Washington, DC. 
Retrieved from http://www7.nationalacademies.org/bose/PP_Com-
missioned_Papers.html
Flick, L., Sadri, P., Morrell, P. D., Wainwright, C., & Schepige, A. (2009). 
A cross-discipline study of reformed teaching by University science 
and mathematics faculty. School Science and Mathematics Journal, 109(4), 
197-211. 
Fox, M. F. (1992). Research, teaching and publication productivity: mutual-
ity versus competition in academia. Sociology of Education 65, 293-305.
Froyd, J. (2008, June). White paper on promising practices in undergraduate 
STEM education. Paper presented at the National Research Council’s 
Workshop Evidence on Promising Practices in Undergraduate Sci-
ence, Technology, Engineering, and Mathematics (STEM) Education, 
Washington, DC. Retrieved from http://www7.nationalacademies.
org/bose/PP_Commissioned_Papers.html.
Goldston, M. J., Clement, M., & Spears, J. (2004). A geologist’s personal 
practice theories and pedagogical change. In D. Sunal, E. Wright, & J. 
Day (Eds.), Research in science education: Reform in undergraduate science 
teaching for the 21st century (pp. 245-266). New York, NY: InfoAge.
Hall, D. T., & Chandler, D. E. (2007). Career cycles and mentoring. In B. R. 
Ragins & K. E. Kram (Eds.), The handbook of mentoring at work: Theory, 
research, and practice (pp. 471-497). Thousand Oaks, CA: Sage.
Handelsman, J., Egert-May, D., Beichner, R., Bruns, P., Change, A., DeHaan, 
R., et al. (2004). Scientific teaching. Science, 304, 521–522. 
Harwood, W. S. (2004). Factors affecting science and science education 
faculty collaborations. In D. W. Sunal, E. L. Wright, & J. Bland (Eds.), 
Reform in undergraduate science teaching for the 21st century (pp. 53-68). 
Greenwich, CT: Information Age.
Henderson, C., Beach, A., & Finkelstein, N. (2011). Facilitating change in 
undergraduate STEM instructional practices: An analytic review of the 
literature. Journal of Research in Science Teaching, 48(8), 952-984.
Henderson, C., & Dancy, M. (2007). Barriers to the use of research‐based 
instructional strategies: The Influence of both individual and situ-
ational characteristics. Physical Review Special Topics: Physics Education 
Research, 3(2), 1-14.
Henderson, C., Dancy, M., & Niewiadomska-Bugaj, M. (2012). Use of 
research-based instructional strategies in introductory physics: Where 
Learning Communities Journal120
do faculty leave the innovation-decision process? Physical Review Special 
Topics-Physics Education Research, 8(2), 1-15.
Keeton, M. T. (2004). Best online instruction practices: Report of phase I on 
an ongoing study. Journal of Asynchronous Learning Networks, 8(2), 75-100.
Kucsera, J. V., & Svinicki, M. (2010). Rigorous evaluations on faculty de-
velopment programs. Journal of Faculty Development, 24(2), 5-18.
Lawson, A. E., Benford, R., Bloom, I., Carlson, M. P., Falconer, K. F., Heste-
nes, D. O., Judson, E., Pilburn, M. D., Sawada, D., & Wycoff, S. 2002. 
Reforming and evaluating college science and mathematics instruction. 
Journal of College Science Teaching, 31, 388-393.
Lindblom-Ylanne, S., Trigwell, K., Nevgi, A., & Ashwin, P. (2006). How 
approaches to teaching are affected by discipline and teaching context. 
Studies in Higher Education, 31, 285-298.
Lueddeke, G. (2003). Professionalising teaching practice in higher edu-
cation: A study of disciplinary variation and “teaching-scholarship.” 
Studies in Higher Education, 28, 213-228.
Marra, R. M., Rodgers, K. A., Shen, D., & Bogue, B. (2012). Leaving engi-
neering: A multi-year single institution study. Journal of Engineering 
Education, Journal of Engineering Education, 101(1), 6-27.
Miles, M. B., & Huberman, A. M. (1984). Qualitative data analysis: A source-
book of new methods. Newbury Park, CA: Sage.
Momsen, J., Long, T., Wyse, S., & Ebert-May, D. (2010). Just the facts? In-
troductory undergraduate biology courses focus on low-level cognitive 
skills. CBE Life Science Education, 9(4), 435-440.
National Research Council. (1999a). How people learn: Brain, mind, experi-
ence, and school. Washington, DC: National Academy Press.
National Research Council. (1999b). Transforming undergraduate education 
in science, math, engineering and technology. Washington, DC: National 
Academy Press. 
Olafson, L., & Schraw G. (2006). Teachers’ beliefs and practices within and 
across domains. International Journal of Educational Research, 45, 71-84.
O’Meara, K. (2005). The courage to be experimental: How one faculty 
learning community influenced faculty teaching careers, understand-
ing of how students learn and assessment. Journal of Faculty Development, 
20(3), 153-160.
O’Meara, K. (2007). Stepping up: How one faculty learning community 
influenced faculty members’ understanding and use of active learn-
ing methods and course design. Journal on Excellence in College Teaching, 
18(2), 97-118.
Paulsen, M. B., & Feldman, K. A. (1995). Taking teaching seriously: Meeting 
the challenge of instructional improvement (ASHE-ERIC Higher Education 
Journey Toward Mastery Teaching 121
Report No. 2). Washington, DC: The George Washington University, 
Graduate School of Education and Human Development.
Piburn, M., Sawada, D., Turley, J., Falconer, K., Benford, R., Bloom, I., & 
Judson, E. (2000). Reformed teaching observation protocol (RTOP) reference 
manual (ACEPT Technical Report No. IN00-3). Tempe, AZ: Arizona 
Board of Regents [On-line]. Available: ACEPT website (http:/ /www.
acept.asu.edu).
Polich, S. (2008). Assessment of a faculty learning community program: 
Do faculty members really change? To Improve the Academy, 26, 106-118. 
Raubenheimer, C. D. (2004). Lessons from research: Professional devel-
opment of university science faculty through action research. In D. W. 
Sunal, E. Wright, & J. Bland (Eds.), Research in science education: Reform 
in undergraduate science teaching for the 21st century (pp. 199-223). Green-
wich, CT: Information Age.
Russell, T., & Martin, A. K. (2007). Learning to teach science. In S. K. Abell 
& N. G. Lederman (Eds.), Handbook of research on science education (pp. 
1151-1176). Mahwah, NJ: Erlbaum.
Seymour, E., &. Hewitt, N. M. (1997). Talking about leaving: Why undergradu-
ates leave the sciences. Boulder, CO: Westview Press. 
Sinatra, G. M., & Pintrich, P. R. (Eds.). (2003). Intentional conceptual change. 
Mahwah, NJ: Erlbaum.
Sirum, K., & Madigan, D. (2010). Assessing how science faculty learning 
communities impact student learning. Biochemistry and Molecular Biol-
ogy Education, 38, 193-202.
Sirum, K., Madigan, D., & Klionsky, D. (2009). Enabling a culture of change. 
Journal of College Science Teaching, 38(3), 38-44.
Smith, T. R. (2009). Implementing a STEM faculty learning community. 
Retrieved from www.gs.howard.edu/vlc/jan30_presnt/LCPres_Jan09.
pdf 
Smith, T. R., McGowan, J., Allen, A. R., Johnson, W. D., II, Dickson, L. A., 
Jr., Najee-ullah, M. A., et al. (2008). Evaluating the impact of a faculty 
learning community on STEM teaching and learning. The Journal of 
Negro Education, 77(3), 203-226.
Sunal, D., Hodges, J., Sunal, C., Whitaker, K., Freeman, L. Edwards, L., et 
al. (2001). Teaching science in higher education: Faculty professional 
development and barriers to change. School Science and Mathematics, 
101(5), 246-257.
Sunal, D. W., Wright, E. L., & Day, J. B. (2004). Reform in undergraduate sci-
ence teaching for the 21st century. Greenwich, CT: Information Age.
Walker, J. D., Cotner, S., Baepler, P., & Decker, M. D. (2008). A delicate bal-
ance: Integrating active learning into a large lecture course. Life Science 
Education, 7(4), 361-367.
Learning Communities Journal122
Louis S. Nadelson, Ph.D., is an associate professor in the College of Education at Boise 
State University. His scholarly interests include STEM education, student and faculty 
development, teacher education, multidisciplinary research, and organizational change. 
Susan E. Shadle, Ph.D., is the director of the Center for Teaching and Learning and a 
professor of chemistry at Boise State University. Her scholarly and professional interests 
include inquiry-based pedagogy, best practices for STEM student success, and student, 
faculty, and organizational development. Jill K. Hettinger is a doctoral candidate at Boise 
State University. She has 15 years of combined formal teaching experience in elementary, 
middle, high school, and university education. She is interested in elementary STEM 
education, teacher development, and STEM curriculum development.
